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institutions. For example, air-quality regulations currently have decisive influence on transportation operations in many regions. Research could support development of new standards designed to encourage long-term innovation as well as immediate improvements in infrastructure performance. Such research is needed particularly in the management of drinking-water and waste-water quality, air-pollution emissions, and public health effects of infrastructure operations (e.g., electromagnetic radiation from electric-power transmission and telecommunications).
Impact of Procurement Methods
The infrastructure procurement process often is unnecessarily restrictive, effectively excluding new technologies from consideration. Overly detailed and specific lists of requirements, functions, characteristics, or attributes obscure key underlying functions or performance desired. Such restrictiveness arises in trying to reduce uncertainty by controlling process, when methods for measuring performance of the product are lacking. Research in this area could enhance ways that technological risk is measured and managed, as well as the allocation of financial risks of introducing new technologies. Such research could draw on results of research into methods for condition assessment and monitoring (Chapter 6) and education of infrastructure professionals and the public (Chapter 5).
Performance/Cost Trade-Offs Under Uncertainty
More effective analytical models are needed to support evaluation of the trade-offs between performance obtained and likely lifetime costs of infrastructure. The traditional dependence on discounted cash-flow analysis can limit decision makers' abilities to deal with intergroup and inter-generational trade-offs. Information on the relationships between prices and demand for infrastructure services are lacking as well, limiting decision makers' abilities to assess, for example, how increased water rates may suppress consumption, leading in turn to revenue deficits that curtail long-term performance improvement programs. Research could explore hedonic pricing,5 benefit-cost assessment models for infrastructure-operations scenario analysis, and more effective ways to present benefit and cost information for public decision making.
RESEARCH-TO-INNOVATION PROCESS
The process by which research produces new technology that is subsequently transferred into practice determines how effective R&D spendingructure design and operations is needed. New standards meant to modify narrowly defined infrastructure performance requirements can have much broader effects on related processes andc hazard be most effectively evaluated in order to compare trenchless with alternative construction methods for specific projects?perience is needed to support modificatio: or replacement of currently used models and methods.ent of gross sales on research,4 or $1.025 billion. Much of this research is funded by commerciales they support) a role in enhancing supplies of clean air and water. However, the committee determined that these concerns were beyond the scope of its study.4
